IN RECENT YEARS, significant progress has been made in isolation and maintenance of intestinal cells derived from mammals in cell culture (14, 18 -20) . Although short-term organotypic cultures of native, nontransformed intestinal epithelial cells had been repeatedly reported in previous decades (7, 22) , long-term maintenance and propagation of single cells or cell clusters was not feasible until the landmark publications by Sato et al. (20) and Ootani et al. (14) in 2009 that described for the first time specific cell culture conditions for the long-term culture of epithelial stem cells derived from small bowel mucosa. Since that time, multiple publications have reported on further progress in the field of in vitro cultures of intestinal cells (9, 10, 12, 17, (23) (24) (25) . They can be viewed as the foundation for a whole new area of research. It will now be possible to characterize the growth patterns of individual cells isolated from the small intestinal or colonic epithelium, to investigate the effect of growth factors on single cells, to examine the interactions between pure epithelial cells and myofibroblasts in vitro (12) , and to grow large quantities of different cells to serve as building blocks in bioengineered intestinal mucosa.
In many of these recent manuscripts, authors make great efforts to describe the isolated single cells, sheets of epithelial cells, or epithelial cell clusters as accurately as possible. The efforts to communicate what exactly the research team isolated and processed is hampered by the paucity of marker proteins for the different components of the intestinal stem cell niche. In addition, the exact developmental hierarchy of stem cells and progenitor cells in the small intestinal crypt-villus unit and the colon crypt-surface epithelium unit is only beginning to be elucidated. Similarly, many researchers are confronted with new cell formations they encounter under their microscopes and that do not resemble any structures that were previously known or described. Such formations are often the product of special cell culture conditions and the use of specific media. Since no universally accepted culture conditions exist for small intestinal and colonic progenitor and stem cells, different laboratories use different terminologies for particular cells or structures that may derive from them in cell culture. Accordingly, the creation of new words and abbreviations abounds in the literature as much as in the daily communications of fellow scientists. Among the members of the National Institutes of Health (NIH) Intestinal Stem Cell Consortium, we have found that the nomenclature for cells used in culture and structures derived from them is increasingly cumbersome owing to the lack of standardization. It is for this reason that we propose a systematic nomenclature for in vitro culture of intestinal stem cells and progenitors.
Structures That Are Isolated by Preparative Steps, e.g., Enzymatic Digestion, Chelation of Divalent Ions with EDTA, or Microdissection of Small Intestinal or Colonic Mucosa
Epithelial sheets. Sheets of epithelial cells can be isolated from small intestinal or colonic mucosa. This isolation can be achieved, for example, by brief chelation (EDTA or EGTA) treatment that deprives the tissue of divalent ions. (5) .
Isolated crypts. These structures contain the epithelial cells from the bottom of the crypt, the middle of the crypt, or the entire crypt. They may be harvested by exposure of intestinal mucosa to divalent ion chelators (Figs. 1 and 2) or dissection of intestinal mucosa under the dissecting microscope (13) . As defined here, "isolated crypts" contain no mesenchymal cell elements (Fig. 3) . Hence steps should be taken to confirm the absence of nonepithelial cells such as myofibroblasts, fibroblasts, or smooth muscle cells before using this term. This can be done, e.g., by Western blotting that confirms the presence of e-cadherin or epithelial cell adhesion molecule (EpCAM) but the absence of smooth muscle actin or vimentin (4) .
Organoids (e.g., jejunal organoid, colon organoid). These are cigar-shaped structures that consist of about 20 or more cells from the bottom of the crypt. These structures can be isolated from native tissue such that crypts and surrounding mesenchymal elements (e.g., myofibroblasts, fibroblasts, and smooth muscle cells) remain in contact during harvesting. A standard preparation uses incubation of mucosa with collagenase and dispase with subsequent gravity sedimentation (1, 3, 8) . These structures are able to form neomucosa with a phenotype characteristic of their site of origin (2).
Mesenchymal cells/intestinal subepithelial myofibroblasts. Mesenchymal cells, or intestinal subepithelial myofibroblasts (ISEMFs), can be isolated by first preparing organoids and then transferring cells into media containing FBS for several days to stimulate growth of mesenchyme while epithelial cells do not survive (15) . Many of these cells have myofibroblast phenotype but the preparation can include fibroblasts or smooth muscle cells, which are typically distinguished based on expression of ␣-smooth muscle actin, vimentin, and desmin. They may even contain other stromal elements found within the lamina propria. A comprehensive review of this cell population has been published elsewhere (16) . A significant variety of other mesenchymal cells are present in the mucosa. Although there is evidence for close interactions between epithelial cells and ISEMFs (12) , the relationship between many other cell types and the mucosal epithelium remains to be elucidated.
Single intestinal epithelial cells. These cells can be isolated by treatment of small intestinal or colonic mucosa with ion chelators and mechanical or enzyme-mediated separation into a single cell suspension and subsequent gravity sedimentation (20) . The term "single" should only be used if careful efforts have been made to eliminate doublets, e.g., during FACS sorting. Similarly, the purity of the cell preparations should be confirmed by testing for the presence of epithelial cell markers and the absence of nonepithelial cells. This is readily achieved by FACS using EpCAM antibodies to positively select the epithelial cells and using CD45 antibodies to remove immune cells and CD31 antibodies to exclude endothelial cells (25) .
Structures Produced During In Vitro Culture Using Defined Cell Culture Media Either by Culturing a Single Cell Species or by Coculture of Two or More Cell Types
Enterosphere. Enterosphere (EnS) is a spherical structure composed of several small intestinal epithelial cells that appears as a rounded-off epithelial cyst (Fig. 4) . This term should used for all structures that have this morphology, irrespective of whether they were derived from single cells or from crypt fragments. Such structures form (e.g., from wild-type murine cells) within 3-24 h after the beginning of culture. In some cases, EnS may persist for weeks depending on the culture conditions (12) . When transplanted into immunocompromised mice, enterospheres derived from human intestine will engraft and differentiate into different epithelial cell lineages (12) .
Enteroid. Enteroid (EnO) is a multilobulated structure with a lumen that develops from an enterosphere by formation of budding crypts (Fig. 5) . EnOs typically form between 3 and 7 days after the beginning of cell culture.
Reconstituted intestinal organoid. Reconstituted intestinal organoid is a multicellular cluster structure that consists of small intestinal or colonic epithelial and mesenchymal cell elements (Fig. 6 ), e.g., a reconstituted cluster of isolated crypt cells and ISEMFs (12) .
Induced intestinal organoid. This structure is also a multicellular cluster. It is isolated and cultured from induced embryonal or induced pluripotent stem cells by use of specific culture conditions that promote the differentiation into both intestinal epithelium and mesenchyme (21) . Examples include induced human (iHIO) and murine (iMIO) intestinal organoids (Figs. 7 and 8) .
Colonosphere. Colonosphere (CnS) is a spherical structure composed of several colonic mucosal epithelial cells that appears as rounded-off epithelial cyst (Fig. 9 ). It was been described that colonospheres form between 3 and 24 h after the beginning of culture (17) .
Colonoid. Colonoid (CnO) is a multilobulated structure with a lumen that develops from a colonosphere by formation of budding crypts (Fig. 10) . Murine colonoids may form between 3 and 7 days after the beginning of cell culture (17) .
Colonic organoid. This is a multicellular cluster structure that consists of colonic epithelial and mesenchymal cell elements, e.g., a reconstituted cluster of isolated crypt cells and subepithelial mesenchyme (M. Bjerknes and H. Cheng, unpublished data).
We propose that all cells and multicellular structures be named for the origin of their epithelial components. For example, iHIO clusters are designated "human" since they are derived from human pluripotent stem cells. Similarly, human intestinal epithelial cells that are cocultured with adjacent murine ISEMFs or form chimeric cell clusters with nonhuman ISEMFs should be termed "reconstituted human intestinal organoids." We hope the fellow researchers with interest in intestinal stem cells will interpret the proposed nomenclature as a well-intentioned attempt at organization of terminology that represents a useful tool of communication at this point in time. We expect that the scientific community will see a rapid increase in publications in this field since a door has been opened that was closed for a long time. It is now conceivable to utilize our ability to isolate individual cells from the small intestinal and colonic epithelium and to culture and propagate them in many new ventures. It will be possible to study human cells, one at a time, to facilitate drug discoveries, to subject single cells of different species to genetic interventions, and to investigate any number of pharmacological manipulations at the single cell level over long periods of time. For this reason, a widely accepted agreement about the terminology in this area of research is important. We realize that this effort will need to be updated as the field of intestinal stem cell biology progresses. Nonetheless, we feel that semantic consensus will benefit our research area and facilitate the scientific discourse. In addition, it may form the basis of developing a common terminology for studies of other epithelial cells such as gastric or esophageal epithelial cultures.
